Introduction
Nowadays, environmental pollution has increasingly become a universal issue as a consequence of the discharge of many hazardous chemicals [1] . Among the pollutants, organic dyes contribute to a large proportion because their contamination in wastewater often originates from fundamental and widespread industries such as textile [2] . Such compounds at high concentrations are considered as toxic sources due to toxicological and aesthetical reasons, and thus they are able to cause carcinogenic effects [3] . Meanwhile, these organic pollutants can accumulate a great amount in the environment over a period of time and result in persistent pollutions because of their low biodegradability [4] . CR is a crucial representative of secondary diazo anionic dyes, which leads to an allergic reaction and will be metabolized to benzidine, a human carcinogen [5] . Therefore, it is strongly expected to develop an eco-friendly method for treatment of CR-bearing wastewater.
Over the past years, some feasible approaches for the removal of dyes have been reported such as various physical, chemical, and biological methods, including adsorption, biosorption coagulation/flocculation, catalytic reduction, electrolytic reduction membrane filtration, and liquid-liquid extraction [6] . Although the aforementioned methods generally remain their own limitations towards either cost-effectiveness or performance, adsorption is a highly effective separation technique because its advantage is superior to that of other methods in terms of initial cost, simplicity, good operation, and cyclability [7] . There are various kinds of common adsorbents which can be highly compatible with adsorption systems. However, adsorbents need to be reusable towards "green chemistry" trend and can be easily separated from the aqueous solution, so we have developed a class of nickel-based spinel ferrite magnetic material NiFe 2 O 4 [8] .
To enhance the surface properties by means of adding various functional groups, graphene oxide can be loaded to modify a rigid structure of NiFe 2 O 4 and form a nanocomposite NiFe 2 O 4 /GO [9] . These types of materials can, therefore, be easy to perform magnetic separation and recycling as they hold unique properties of facile synthesis, magnetic recoverability and stability. 
Materials and methods

Chemicals and instruments
All chemicals for this study were commercially purchased from Merck. The XRD was implemented on D8 Advance Bruker powder diffractometer with a Cu-Kα excitation source. The SEM was recorded with the Japanese instrument S4800 and used an accelerating voltage source of 10 kV with a magnification of 7000. The magnetic properties were determined by VSM.
Production of NiFe 2 O 4 /GO
NiFe 2 O 4 and GO were performed by a two-step procedure as early reported [8, 10] . In the typical experiment, a beaker containing 1.0 g of NiFe 2 O 4 50 ml in 50 ml ethanol and another beaker containing 5 ml of GO colloidal suspension in 45 ml of water were put in an ultrasonic bath for one hour. After heating to 60 o C, the mixtures were transferred into a 500 ml beaker and then stirred to vaporize. The solid was dried at 90 o C and used for the present study.
Adsorption batch
The NiFe 2 O 4 /GO (0.16-1.84 g/l) was poured into an Erlenmeyer flask containing 50 ml of CR solution (66.4-133.6 mg/l). After the absorption equilibrium in three hours, the solid was removed from the mixture. The residual concentrations were confirmed by AAS. Twenty experiments were performed by using central composite design (CCD) ( Table 1 ) at five levels including the low (encoded -1), high (encoded +1), and rotatable (encoded ± 1.68). revealed the crystalline nature which fitted well with spinel structure of ferrites reported by a previous study [9] . Figure 1B showed that the saturation magnetization value was 2.38 emu/g, which was considered to be significantly lower than that of the previous report [8] . 
Results and discussions
Assessment of experimental results
with DX10
To investigate a wide range of parameters ( Adequate precision (AP) ratio is greater than 4.0; (4) Lack-of-fit value is higher than 0.05. It is inevitable that all the above standards met these requirements (Table 3) . Moreover, Fig. 2A and Fig. 2B showed that the predicted values versus actual values distributed on the straight line and the residuals versus runs plot demonstrated that the obtained results of total 20 runs were experimentally random. Therefore, the proposed model was statistically significant. Figure 2C shows "desirability" of the model, in which the experiments could be possible to obtain the highest results (probability = 100%) if they were conducted by the optimization condition. The region of maximum "desirability" was obviously spreading, thus it allowed obtaining good CR removal efficiencies. To describe the optimal regions that were plotted by altering two variables and holding another at zero level, the response surfaces were drawn and shown in Fig. 3 .
Effect of independent variables on the removal of CR
To begin with, three-dimensional response surfaces were firstly plotted in Fig. 3A . The CR removal efficiency would rise by increasing the amount of NiFe 2 O 4 /GO. The main cause for this phenomenon was that when adding the NiFe 2 O 4 /GO into the solution, the number of active adsorption sites rose to create more functional groups. Consequently, an optimum zone was positioned at the higher side of dosage. Meanwhile, the initial concentration of CR anions had a negligible impact on the CR removal efficiency. Figure 3B indicated a significant effect of initial concentration and pH on CR removal efficiency. In contrast, there was a strong interaction between dosage and pH against the percentage of CR removal. The CR was markedly removed from the aqueous solution at a high level of dosage and low level of pH (Fig.  3C) . When pH in solution decreased, the material surface would be charged positively. Thus, new bonds between positive-charged material and CR anions were favourably formed to enhance the adsorption.
The predicted optimal-conditionbased model experiment was further conducted to verify the suitability of the proposed model: C i = 82.2 mg/l, dosage = 1.4, and pH = 4.0 with the highest desirability of 1.0 (Table 4) . Thereby, the test for the percentage of CR removal was obtained at 94.3%, which was nearly closed to the predicted value of 94.7 %. This result demonstrated the high compatibility of the proposed models with the experimental data.
Conclusions
The porous magnetic nanocomposite NiFe 2 O 4 /GO was successfully synthesized and characterized by several techniques. The results indicated that the NiFe 2 O 4 / GO had a highly crystalline nature with defective structure. By evaluating parameters from ANOVA, the proposed model was proved to be statistically significant. Moreover, the DX10 obtained the optimal condition for the removal of CR from solution at Ci = 82.2 mg/l, dosage = 1.4, and pH = 4.0. With a high result of removal efficiency (94.7%), the NiFe 2 O 4 /GO was an efficient adsorbent to remove the CR from contaminated groundwater. Physical sciences | Chemistry
